Introduction {#s1}
============

Patients with inflammatory bowel disease (IBD), in the form of chronic ulcerative colitis (UC) or Crohn's disease, have a well-recognized increased risk of developing colorectal cancer that increases with the duration of inflammatory activity \[[@R01]\]. Other risk factors for the development of colorectal cancer in these patients include the extent and intensity of inflammation \[[@R02]-[@R04]\]. Expert consensus recommends endoscopic surveillance with random colonic mucosal biopsies for patients with long-standing (8 years or greater) IBD that involves more than one-third of the entire colon \[[@R05]-[@R08]\]. The goal of this approach is to detect dysplasia, further categorized as either low-grade or high-grade, which is currently the most useful and reproducible risk marker of malignancy \[[@R9]\]. Current consensus suggests endoscopic removal of polypoid and non-polypoid endoscopically visible and resectable dysplasia, while patients with endoscopically invisible dysplasia should be referred to and evaluated by an endoscopist with expertise in using chromoendoscopy with high-definition colonoscopy \[[@R07], [@R08], [@R10]\].

Colorectal serrated polyps (SP), which include hyperplastic polyps (HP), sessile serrated adenomas/polyps (SSA/P), and traditional serrated adenomas (TSA), are not uncommon and have been implicated to play a role in the pathogenesis in a subset of sporadic colorectal carcinomas \[[@R11], [@R12]\]. SPs in general population have been widely studied and have been associated with the pathogenesis of at least 20% of colorectal carcinomas \[[@R11], [@R12]\]. However, the classification and biological behavior of SPs in the setting of IBD still remains a continuous debate. The literature on this topic is limited with most papers published to date reporting that SPs in IBD patients behave similar to sporadic ones \[[@R13]-[@R15]\].

*BRAF* mutation has been known to be a key factor in the serrated pathway progression of colorectal cancers and has recently been detected in SPs in both the IBD and sporadic setting \[[@R16], [@R17]\]. However, the status of the *BRAF* mutation has not been extensively studied on SPs, especially those in the background of IBD. However, a rare study reports similar findings to sporadic SSA/Ps \[[@R13]\]. β-catenin is the marker that can be detected in the nucleus of cells in the conventional adenoma that are associated with the activation of WNT signaling pathway and carcinogenesis. A recent study has shown that β-catenin nuclear staining is less common in sporadic SPs compared to conventional adenomas \[[@R18]\]. However, the utility of β-catenin in SPs associated with IBD have not yet been studied.

Nevertheless, recognition of the full range of histologic lesions with malignant potential in the setting of IBD is incomplete. To our knowledge, systematic investigations comparing the histopathologic and immunophenotypic features of SPs in patients with IBD and normal subjects are limited. Therefore, we undertook a retrospective approach to evaluate SPs diagnosed within our department over a 10-year period of time.

Materials and Methods {#s2}
=====================

Case selection {#s2a}
--------------

This study was approved by the Human Research Protection Office of Washington University in St. Louis. A retrospective search of the pathology files of Washington University/Barnes-Jewish Hospital and was conducted between 2004 and 2014. Patients with biopsy or resection specimens with a diagnosis of "hyperplastic polyp", "hyperplastic change", "sessile", or "serrated" and a history of IBD were selected. Basic demographics data including age and sex, duration and type of IBD, endoscopic findings, total number of colonoscopies during follow-up, extent of disease, polyp site and size, background mucosa, concurrent dysplasia/cancer and follow-up information were recorded. Control cases consisted of 40 consecutive, well-oriented, site matched HPs and SSA/Ps in non-IBD patients who underwent colonoscopy for routine cancer surveillance. Cases with rectal polyps, poorly oriented specimens, and/or unavailability of archived materials were excluded. A total of 11 SSA/Ps and 25 HPs in the IBD group and 15 SSA/Ps and 25 HPs in the control group were included in this study.

Histologic and immunohistochemical (IHC) analysis {#s2b}
-------------------------------------------------

The cases were classified as either SSA/P or HP through blinded histological review by two pathologists (Y. T. and I. N.) based on the WHO criteria \[[@R19]\]. The disagreements were resolved by consensus review.

Immunohistochemistry was performed on 4 µm sections from formalin-fixed, paraffin-embedded tissue blocks on a Ventana Benchmark XT automated immunostainer (Ventana Medical Systems, Inc., Tucson, AZ) using standard established laboratory protocols with monoclonal antibody to β-catenin (Ventana; clone 14; monoclonal; prediluted). Ventana's ultraView Universal DAB Detection Kit was utilized as the secondary antibody cocktail to detect binding of the primary antibody which was subsequently visualized using hydrogen peroxide substrate and a 3, 3'-diaminobenzidine tetrahydrochloride (DAB) chromogen. Manufacturer antigen retrieval conditions were used (Ventana CC1, EDTA-Tris, pH 8.0 solution). Commercially available monoclonal antibodies for BRAF (NewEast Biosciences, clone V600e; monoclonal; 1:100 dilution) was utilized. The slides were manually stained. Antigen retrieval was by heat mediation in citrate buffer (pH 6.0 solution). Samples were then incubated with primary antibody (1:100) overnight at 4 °C. A horseradish peroxidase-conjugated goat anti-mouse IgG (dilution 1:50) was used as secondary antibody. Proper positive and negative controls were utilized (colonic adenocarcinoma with confirmed *BRAF* V600e mutation by molecular analysis for *BRAF*, tubular adenoma for β-catenin).

Immunoreactivity was evaluated in blinded fashion by at least two of the three pathologists (C.Y., Y. T. or I. N.). For BRAF stain, cytoplasmic staining was considered positive, regardless of its intensity. Complete absence of cytoplasmic positivity was considered negative. Membranous β-catenin was considered normal, whereas loss of cytoplasmic positivity with nuclear reactivity was considered positive (mutated).

Statistical analysis {#s2c}
--------------------

The Fisher exact test was used to compare percentage of cases. The Wilcoxon-Mann-Whitney test was used to compare means. P value less than 0.05 was considered statistically significant.

Results {#s3}
=======

General patient characteristics and endoscopic features {#s3a}
-------------------------------------------------------

A total of 36 lesions from 28 IBD patients were identified. The mean age was 50.7 years (range: 29 to 75 years). There was no significant gender predilection, as 13 cases were male (46%) and 15 cases were female (54%). Sixteen patients were diagnosed of UC (57%) and the remainder 12 had Crohn's disease (43%). None of the study subjects had indeterminate colitis. The overall disease duration was 15.8 years (range: 1 to 40 years).

The majority the lesions were polypoid in appearance endoscopically (32, 89%), whereas the remainder 4 (11%) were described as flat lesions with two described as granular mucosal changes and the other two described as mild erythematous mucosa. Three of these flat lesions were HPs and one was SSA/P. Seventeen polyps (47%) were noted in the right and 19 (53%) on the left. The mean polyp size was 5.74 mm (range: 2 to 15 mm) with SSA/Ps measuring 7.13 mm (range: 3 to 12 mm) and HPs measuring 4.83 mm (range: 1 to 15 mm).

Clinicopathologic and immunohistochemical features {#s3b}
--------------------------------------------------

The study group consisted of 36 polyps from 28 patients, which were reviewed and classified by two pathologists (Y. T. and I. N.) to either SSA/P (n = 11) or HP (n = 25) using the WHO criteria \[[@R19]\]. The general clinical, histologic and IHC characteristics of these lesions are summarized in [Tables 1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}.

###### Characteristics of Inflammatory Bowel Disease Patients With Serrated Lesions (2004 to 2014)

  Feature                                   HP                SSA/P             P value
  ----------------------------------------- ----------------- ----------------- ---------
  Number of cases (number of patients)      25 (17 pts)       11 (11 pts)       
  Age (y), mean (range)                     47.8 (29 to 75)   55.2 (29 to 68)   0.2
  Male/female                               7/10              6/5               0.7
  IBD type (UC vs. CD)                      14:11             8:3               0.25
  Mean IBD duration at index, years (IQR)   17.7 (1 to 40)    12.7 (3 to 20)    0.42
  Polyp/flat lesion                         22/3              10/1              1
  Right/left colon                          9/11              7/4               0.46

Pts: patients; y: years.

###### Staining Pattern for Ki-67 and BRAF for HP and SSA/P

                   Study group   Control group                 
  ---------------- ------------- --------------- ------------- -------------
  Site                                                         
    Left (%)       4 (36.4%)     15 (60.0%)      4 (26.7%)     15 (60.0%)
    Right (%)      7 (63.6%)     10 (40.0%)      11 (73.3%)    10 (40.0%)
    P value        0.68          1                             
  BRAF\*                                                       
    Positive (%)   5 (55.6%)     13 (52.0%)      11 (73.3%)    13 (54.2%)
    Negative (%)   4 (44.4%)     12 (48.0%)      4 (26.7%)     11 (45.8%)
    P value        0.41          1                             
  β-catenin                                                    
    Positive (%)   0 (0%)        0 (0%)          0 (0%)        0 (0%)
    Negative (%)   11 (100.0%)   25 (100.0%)     15 (100.0%)   25 (100.0%)
    P value        1             1                             

\*Two cases of SSA/P in study group and one HP from the control group were excluded from BRAF evaluation with inadequate tissue for interpretation after BRAF immunostain.

A total of 11 (31%) SSA/Ps in the study group were identified. Six of the patients were male (55%) and five of the patients were female (45%). The mean patient age was 55.2 (range: 29 to 68 years). Eight cases (73%) were from patients with UC, while three were patients with Crohn's disease (27%). The mean duration of IBD for SSA/P was 12.7 years (range: 3 to 20 years). Of the SSA/Ps, seven (64%) were located in the right colon with size of 7.13 mm (range: 3 to 12 mm). Ninety percent of them (10 cases) were defined as polyp on endoscopy, whereas only one lesion was defined as flat. The mean polyp size was 7.13 mm. The background mucosa showed chronic active colitis at the surrounding mucosa in three cases, and was normal in the remainder. BRAF staining (available in nine cases in study group) was positive in 55.6% of the SSA/Ps for the study group, compared to 73.3% of the control group.

A total of 25 (70%) HPs were identified in the study group. Seven (41%) of the cases were male, whereas 10 (59%) of the cases were female. The mean patient age was 47.8 (range: 29 to 75 years). Fourteen cases (56%) were from patients with ulcerative colitis, while 11 (44%) had Crohn's disease. The mean duration of IBD was 17.7 years (range: 1 to 40 years). Nine lesions (36%) were located in the right colon and 11 lesions (44%) in the left colon. Location data were not available for five (20%) of the HPs. Eighty-eight percent of them (22 cases) were defined as "polypoid" on endoscopy, whereas three lesions were defined as either granular mucosal changes or mildly erythematous mucosa. The mean polyp size was 4.83 mm (range: 1 to 15 mm). BRAF staining (available in 25 cases in the study group) was positive in 52 % of the HPs for the study group (13/25), which was similar to the control group (54.2%, 13/24). The background mucosa showed chronic active colitis at the surrounding mucosa in three cases, and no histopathologic abnormalities in the remainder.

SSA/Ps in IBD were slightly more common in males (55% vs. 41%, P = 0.7), older patients (55.2 vs. 47.8 years, P = 0.2), in the right colon (63.6% vs. 32%, P = 0.46), and were larger in size (7.13 vs. 4.83 mm, P = 0.14) compared to HPs in IBD. However, IBD patients with SSA/Ps had shorter disease duration (12.7 vs. 17.7 years, P = 0.42) compared to IBD patients with HPs.

Overall, a total of 18 (53%) cases in the study group were positive for BRAF staining, 13 (72%) of these were histologically diagnosed as HPs, and five (28%) of them diagnosed as SSA/Ps. Of the 16 (47%) BRAF negative case in the study group, 12 (75%) of these were histologic diagnosed as HPs, and four (25%) of them diagnosed as SSA/Ps. β-catenin failed to show aberrant nuclear staining in any of the SSA/P or HPs in either the study or control group.

Clinical follow-up {#s3c}
------------------

Clinical follow-up information was available for 10 of the study cases (36%, mean follow-up time: 10 months, range: 3 to 75 months). One patient in the SSA/P group developed cancer 42 months after the diagnosis of SSA/P where it was completely resected with negative margin status. The tumor was located in the same region as the index polyp, which was the sigmoid colon. In addition, two of the SSA/P cases (22%) exhibited adenoma-like low-grade dysplasia during follow-up, both in the ascending colon, with no carcinoma identified on follow-up. Of note, one other patient was diagnosed with cancer 1 month prior to the diagnosis of SSA/P. The tumor was initially found in the descending colon whereas the polyp was in the ascending colon. Only one case with HP developed HP in the same segment; no adenoma-like dysplasia or cancer was noted during follow-up in the HP patients in the study group.

Discussion {#s4}
==========

We studied the clinical, histological, and immunohistochemical features of SPs arising in the setting of IBD in our referral center cohort in a 10-year span (2004 - 2014). The caveat is that these lesions are rather uncommon, as a recent Mount Sinai Hospital study reported a prevalence of only 1.2% \[[@R13]\] in their surveillance patients, which is similar to the 2.1% in a recent Mayo Clinic study \[[@R20]\].

BRAF stain using the currently available mutant-specific antibody highlights a known mutation that has been associated with colorectal cancer \[[@R21]\]. The BRAF stain showed similar staining pattern in both the study group and control group, with approximately 50% positivity in both SSA/P and HPs. This finding is consistent with the previous molecular findings by Ko et al \[[@R13]\] which showed no difference in *BRAF* mutation status. Furthermore, they also looked into other mutations like *KRAS* and showed similar findings. In follow-up of the SSA/P study group, one patient developed adenocarcinoma in the same location of the previous SSA/P 42 months later. But given the rare incidence of a single case, the clinical or scientific significance of this event cannot be characterized. On follow-up of the HP study group, only one patient developed recurrent HPs in the same location (sigmoid) 10 months later. The patient also had focal background active colitis and multiple hyperplastic BRAF positive polyps to begin with.

The SPs were also universally negative for β-catenin nuclear staining, which is consistent with the hypothesis that SPs evolve from a different pathway from traditional adenomatous polyps. One previous study showed that nuclear staining for β-catenin can be seen in 13.0% of normal colonic mucosa, and 60.5% and 79.2 % for tubular adenoma with dysplasia and tubular adenoma with carcinomatous changes, respectively \[[@R18]\]. Here the SPs were all negative for β-catenin nuclear staining. A recent study conducted by Ko et al \[[@R13]\] also found that IBD patients with SPs with low grade dysplasia to have similar prognosis with IBD patients with non-SPs and low grade dysplasia. Their study also focused on the molecular basis of these SPs and found that the *BRAF* and *KRAS* mutation status was similar to those reported in sporadic SPs in non-IBD setting. Of note, they were able to get molecular testing in only approximately 50% of all their polyps.

Sporadic SPs, especially SSA/P, are known precursors for carcinoma \[[@R14], [@R22], [@R23]\]. However, studies on these lesions in IBD are limited. Several other studies in the past have focus on the topic of "serrated epithelial changes" and some categories of "SPs" \[[@R24]-[@R28]\] in the IBD setting which looks extensively into the correlation between dysplasia and malignancy. Of note, only one patient developed subsequent adenocarcinoma during follow-up and one patient had cancer prior to the diagnosis of SSA/P. Two additional patients in the SSA/P group developed adenoma-like dysplasia compared to none in the HP group. Other studies by Shen et al \[[@R14]\] and Jackson et al \[[@R15]\] found a slightly increased risk of metachronous dysplasia but this was not statistically significant. The presence of dysplasia in these polyps may also play an important risk factor for developing subsequent neoplasia as reported by Ko et al \[[@R13]\]. Despite some emerging evidence within literature and in our study, a recommendation for more aggressive surveillance or treatment cannot be made at the moment.

Overall, the histologic and immunohistochemical features were similar to non-IBD controls. Endoscopically, most of these lesions were detectable, identified as polyps (90%), and could be easily biopsied. Our findings are in keeping with the most recently published literature. Jackson et al \[[@R15]\] similarly reports that SPs in IBD show similar histology to their non-IBD counterparts; in addition, they found no correlation of occurrence of these lesions with the background inflammation. Only three of our cases had active background inflammation precluding further assessment.

We acknowledge several important limitations to this study. First, is the retrospective nature of the study, there is bias introduced with case selection. Second, the number of patients studied was relatively small due to the rarity of this entity. Therefore, the results of this study might be underpowered. Third, some of the clinical and endoscopic information was limited and not uniformly recorded. Lastly, although we gathered information on the staining results of immunohistochemical stains, these results are less specific compared to other more advanced molecular techniques to differentiation. The strengths of the study are well-controlled study group with detailed histologic and clinical descriptions.

We conclude that the clinical, pathologic, and immunophenotypic characteristics of SPs in patients with IBD resemble those of their sporadic counterparts. They share overlapping histologic and immunophenotypic features, as well as molecular characteristics \[[@R13]\]. Although the patients with SSA/P and IBD group had developed more "neoplasia" compared to the HP patients with IBD, which may infer an increased risk in this group, further conclusions and recommendations cannot be made at this point. Still, our study provides valuable information to the limited body of literature.
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